Abstract: To determine relatively useful diagnostic procedures of carbon disulfide (CS 2 ) poisoning in terms of validity and cost-effectiveness, several diagnostic tests are evaluated on 1,552 people by prevalence ratio (exposed/nonexposed), dose-response relationship, sensitivity and specificity, and the cost of the tests. Several symptoms with high kappa indices are found to be useful in various combinations, showing a consistent dose-response relationship and high exposed-nonexposed ratio. In clinicopathologic tests on functions of the kidney, liver and hematopoietic systems, eight items out of 22 have been shown to have significant dose-response relationship, mostly in liver function tests. A thorough dental examination failed to identify any useful indicator peculiar to the CS 2 poisoning. Unlike Western people, the prevalence of coronary heart disease among Koreans was too low to be useful in the diagnosis of CS 2 poisoning. Among four elective tests, i.e., Minnesota Multiphasic Personality Inventory (MMPI), Brain magnetic resonance imaging (MRI), nerve conduction velocity (NCV), and fluorescent angiography (FAG), the NCV appeared to be a more sensitive and specific test than the others are. Combinations of the tests imporved the probability of diagnosing CS 2 poisoning cases when any one test out of four was positive. Addition of other valid tests increased the probability of excluding non-cases. It was concluded that diagnosis of CS 2 poisoning could be made validly and inexpensively if the diagnostic tests were carefully chosen step by step.
Introduction
Owing to the top priority set on economic development since 1962 in Korea, the health and welfare of workers had been put aside and this resulted in serious social and political problems a few decades later. Massive occurrence of chronic carbon disulfide (CS 2 ) poisoning among workers of the WonJin (WJ) Viscose Rayon Company, established in 1959, is one of the representative examples.
Following the first case of CS 2 poisoning confirmed in 1981, a few deaths and numerous disabled workers who were not compensated by the Workers' Compensation led to a persistent dispute between workers and the company, and finally to a long-standing sit down strike in 1991 making governmental intervention indispensable. The strike was settled by mutual consent on several conditions, one of which was a thorough study on the health effect of CS 2 on all workers by an expert team. Even though an institute of industrial medicine appointed by the Ministry of Labor has been carrying out periodic health examinations to screen CS 2 poisoning, many workers have been protesting the decision made by the medical team.
This study was carried out upon the request of the labor union and supported by the company to investigate the current Industrial Health 2000, 38, [385] [386] [387] [388] [389] [390] [391] [392] [393] [394] [395] health status of all workers with special concern as to the health impacts of CS 2 exposure by systematically collecting objective data so as to differentiate the clinical features of CS 2 poisoning from those caused by other diseases. It is well known that the insidious development of adverse effects in chronic carbon disulfide (CS 2 ) poisoning makes diagnosis difficult. Thus, establishing a more valid and cost-effective way of the diagnosis of CS 2 poisoning was needed. In this study, we examined the relative usefulness of various diagnostic tests in terms of their validity and costeffectiveness for the diagnosis of chronic CS 2 poisoning, abstracted from the epidemiologic study done on all employees and a portion of retired workers of the Won-Jin Viscose Rayon Company and non CS 2 exposed employees of other companies from 1991 to 1993.
Materials and Methods

Subjects
All employees of the Won-Jin Viscose Rayon Company, 1,110 workers in manufacturing section and 163 persons in management section, were subject to the study. In addition, 210 retired workers of the same company and crudely agematched 182 workers from four other manufacturing plants as an outside nonexposed control group were recruited. Out of 1,665 eligibles, 1,552 people (1,090 males and 462 females) responded. Mean ages of the subjects were 35.3 years for exposed, 38.6 years for internal controls, and 32.5 years for external controls. The distribution of age, sex and duration of employment by CS 2 cumulative exposure indicies (CEI) is shown in Table 1 . Age and sex composition is significantly different among CEI groups. About one third of the CS 2 exposed workers had been working for over 10 years in the same company.
Data collection
The information to be collected was determined by a series of working group meetings based on published references [2] [3] [4] [5] [6] [7] [8] [9] [10] and the pilot study on the study subjects. The major area or mean of the data collection consisted of three parts: 1) Interview of all subjects to collect relevant information such as CS 2 exposure, past medical history including drug use, presence of 45 selected symptoms within the last month, Minnesota Multiphasic Personality Inventory (MMPI) and others. 2) Primary medical examination to screen subjects who need to be studied further: general medical examination by family physicians; blood pressure measurement, visual acuity and color vision test; audiometry, fundoscopic examination by ophthalmologist; complete blood cell count, hepatitis B antigen and antibody, blood sugar (FBS & 2 hr postprandial), blood chemistry and urine test; electrocardiogram; chest X-ray; neurologic examination by neurologist; and dental examination. Neurologic examination was done only on the persons referred from the doctors who had done the general medical examination. It included examinations of cranial, motor, and sensory nerves, reflexes, gait and mini-mental status. 3) Secondary confirmatory examination: brain magnetic resonance imaging (MRI), nerve conduction velocity measured for sensory and motor nerves; median & ulnar nerves (upper extremity) and peroneal & tibial nerves (lower extremity), fluorescein angiography (FAG), and exercise electrocardiogram. Figure 1 shows the summarized flow and contents of the examination. The subjects finally selected for the secondary confirmatory examination were 298 people; 236 people were referred from the primary examination for the exposed, 20 nonexposed within the company, 32 nonexposed outside the company and 10 among retired workers. Criteria for the selection of the subjects for the secondary confirmatory examination was those suspected to have central or peripheral neuropathy by neurological examination or those with abnormal fundoscopy findings on the primary examination. The nonexposed people referred for the secondary examination were randomly assigned to the crudely age matched exposed group. Table 2 shows the age composition of the group by CS 2 exposure status. Among CS 2 exposed (Table 2) .
For the secondary confirmatory examinations, patients were referred to hospitals of good reputation. Results of the diagnostic tests were critically examined blindly by two or three consultants of respective specialties, based on standardized criteria set by the working group to increase its validity and reliability. The CS 2 exposure data for each individual obtained by interview was validated by cross checking with personnel records provided by the company.
Analysis
To quantify individual CS 2 exposure, a cumulative exposure index (CEI) was utilized. This was based on the direct measurement of CS 2 air concentration (ppm) in different work places measured by the labor union appointed industrial hygienists during the same study period (1992). The relative score of each workplace was the mean CS 2 concentration of individuals measured, divided by the lowest concentration among all the workplaces. Then these were multiplied by the number of years exposed for CEI of each subject. The mean CS 2 concentration (8 hr TWA) of 127 samples for 11 workplaces ranged from 0.43 ppm (cutter house operation) to 6.28 ppm (spinning section) making the relative score 1.0-14.6. Table 3 shows range of CS 2 concentration and mean for several selected workplaces by year. Accordingly CEI ranged from 0 to 298. When calculated on the basis of 1992 measurement, the distribution of 1,552 people across four categories of CEI showed that 20.3 percent of them belonged to 0, 46.4 percent to 1.0-49.9, 20.9 percent to 50.0-149.9 and 12.4 percent to over 150. Since the CS 2 concentration in the workplace measured several times from 1986 varied widely, we decided to use 1992 measurement only. However the workers, who had been employed longer than 20 years stated that the CS 2 concentration in the workplace had been much higher until the middle of the 1980's that workers after 8 hours of work had to be escorted home by family members; data on CS 2 air concentrations before 1985 were not available anyway.
The proportion of subjects with positive or abnormal findings for each test was compared across four categories of exposure level alone and in combination to determine the dose-response relationship with age adjusted prevalence ratio, exposed versus nonexposed people. Sex was not adjusted because the discrepancies of prevalence between sex were not as significant as age, and the number of female subjects was too small to divide into many categories.
The sensitivity and specificity of some tests alone and in combination were also estimated based on 92 cases confirmed by the diagnostic criteria of CS 2 poisoning formulated by the Korean Ministry of Labor as the gold standard. The diagnostic criteria include abnormalities in kidney, liver, hematopoietic functions, sensory auditory dysfunction, hypertension, retinal microaneurysm and retinopathy, multiple brain infarction, peripheral neuropathy, optic neuritis, CNS dysfunction, coronary heart disease as well as psychiatric disorders, excluding diseases from other causes 11) .
Statistical methods
Proportions of each variable across the exposure groups were compared by chi-square test. To evaluate the reliability of subjective symptoms, kappa index was measured by comparing subjective response to list symptoms in the questionnaire and symptom checklist of doctor's interview. Those symptoms with adequate kappa indices (>0.4) were selected for the diagnosis of the CS 2 poisoning. Positive rates or prevalence of each test, combinations of symptoms or tests, or diagnostic criteria were measured for each exposure category. Prevalences of each exposure category were age adjusted. Adjusted prevalences by exposure categories were compared by prevalence ratios of exposed and nonexposed and their 95% confidence intervals. Doseresponse relationship was evaluated by test of linearity by Cochran-Mantel-Haenszel (CMH) chi-square test. Sensitivity and specificity of each test or combination of tests were measured. Authors used PC/SAS package for the statistical analysis.
Results
The most desirable diagnostic tool or tools in combination would be the ones that have none or the least number of subjects with positive findings in the nonexposed group, a higher positive rate among exposed, and a consistent doseresponse relationship as well as lower cost.
Among 45 symptoms, 17 showed a strong association with CS 2 exposure level (Table 4) . Arbitrarily classified four central nervous system symptoms and four peripheral nervous system symptoms showing higher kappa index (>0.4) and stronger statistical association with CS 2 exposure, were combined, two from each four CNS and PNS symptoms.
The proportion of people with all positive responses in different combinations varied by the exposure level, yet many of the combinations revealed a consistent dose-response relationship and strong association as shown in Table 5 .
On screening abnormal functions of various organs, significant dose-response relationships were shown in eight items out of 22, mainly on liver function test (Table 6 ). Serum phosphorus and calcium, urine protein, and liver enzymes and bilirubin revealed better correlation with level of CS 2 exposure than other test items. Among other routine diagnostic examinations blood pressure, chest x-ray and audiometry seemed to be more useful examinations as shown in Table 7 . MMPI, retinal Walking disturbance (20.2%), C-3: Personality change (25.0%), C-4: Libido change (20.6%), P-1: Cacogeusia (14.2%), P-2: Chest pain (21.5%), P-3: Paresthesia (16.7%), P-4: Cramping (28.1%). microaneuysm and dental examination, which are not routine but elective examinations done for all subjects also had been helpful in determining cases associated with CS 2 exposure.
The mean values of visual acuity and body mass index (BMI), rates on the history of natural abortion and stillbirth, and habitual use of medicine (commercial analgesics) did not show statistically significant differences between the exposed and nonexposed. Ischemic heart diseases that have been reported to be strongly associated with CS 2 exposure in Western countries were rare; only nine subjects out of 1,028 examined by a routine ECG and six out of 270 tested by Master's test were abnormal.
The results of the MMPI, Dental examination, brain MRI, NCV, and FAG are shown in Table 8 . When the positive rates by exposure level were age-adjusted, there was little difference between the crude and the adjusted rate because of the age-matched assignment. The overall positive rate was the highest in the FAG (39.4 percent) and the lowest in the brain MRI (20.0 percent). Except for the dental examination, all tests had strong linear trends. NCV and FAG had a higher prevalence ratio than the others.
When these tests were combined, the positive rate and dose-response relationship markedly improved as shown in Table 9 .
According to the diagnostic criteria set by the Ministry of Labor, 92 cases of CS 2 poisoning were confirmed in the study population. Four tests strongly associated with CS 2 exposure were examined for their validity as shown in Table 10 .
As a single test NCV seemed to be the best, and in combination of two tests the validity appeared to be the best when either the MRI or the NCV is positive. The current cost for each examination was U.S. $13 for the MMPI, $35 for the FAG, $36 for the NCV and $438 for the brain MRI. 
Discussion
CS 2 is absorbed mainly by inhalation and partly through the skin and is distributed by the blood stream. It has a high affinity for all organs and tissues and this results in nonspecific effects on the body. Individual diagnosis therefore becomes a matter of probability based on the confirmation of exposure, presence of symptoms and signs compatible with CS 2 poisoning after excluding diagnoses of other diseases 1) . Several subjective symptoms often neglected or omitted by clinicians in the diagnosis of CS 2 poisoning showed high reliability and validity. These were reflected on the kappa index, dose-response relationship and risk ratio particularly in combination of symptoms suggesting that these are good indicators of CS 2 poisoning.
In clinicopathologic tests, serum phosphorus and calcium appeared to have a strong association with CS 2 exposure. In detecting abnormal kidney function in relation to CS 2 poisoning, urine protein seemed more sensitive than blood urea nitrogen and/or creatinine. Liver enzyme tests showed a better correlation with CS 2 exposure when the amount of alcohol intake adjusted and HBsAg positives were excluded.
Thorough 10 point dental examination did not render any specific feature peculiar to the CS 2 exposure even though some Polish researchers 4) suggested pathologic changes of the oral mucosa and periodontium among the CS 2 exposed group.
MMPI test prior to psychiatric and neurologic consultation may be useful if combined with other tests, when the test is given by a trained examiner and evaluated by an experienced clinical psychologist. Fluorescent angiography followed by fundoscopy on cases suspected of having retinopathy showed a good dose-response relationship with 2.1 exposed and non-exposed ratio. Karai et al. 6) concluded that microaneurysm and pigmentary epithelium atrophy or degeneration is early signs of chronic CS 2 exposure, revealing a consistent dose-response relationship with the duration of CS 2 exposure within the same age strata. Vascular effects of CS 2 , particularly vascular encephalopathy has been described by Italian and Japanese researchers [7] [8] [9] . The brain MRI positive for vascular encephalopathy showed a strong correlation with CS 2 exposure. The only disadvantage of the test was its cost. When compared with other tests the NCV seemed more sensitive and specific as it had the highest prevalence ratio, 4.1.
The prevalence of ischemic heart diseases, diabetes mellitus, and renal diseases in our study was low, and most cases had a poor correlation with CS 2 exposure. This could be explained by the fact that seriously sick people had already been diagnosed with occupational diseases through the regular medical examination performed by a government appointed medical examination group, who utilized blood pressure, kidney biopsy, serum cholesterol level, ischemic heart disease and blood glucose extensively as diagnostic criteria of CS 2 poisoning [12] [13] [14] [15] [16] . In his study 8) , Tolonen has shown that combinations of tests provide better sensitivity and specificity in diagnosing CS 2 poisoning. In this study we tried a few diagnostic tests to evaluate the positive rate and dose-response relationship, as well as the sensitivity and specificity on 92 confirmed cases of CS 2 poisoning; the combination of the tests certainly Industrial Health 2000, 38, 385-395 augmented their usefulness in terms of the validity and probability of detecting cases.
The data may indicate higher sensitivity and specificity of each test due to the fact that the decision making on the diagnosis had to depend heavily upon objective findings rather than subjective clinical expertise. However, the results may provide a useful guide to determine the order in which the tests should be performed considering both cost and validity.
From this study, we found the step in order as follows would be the most valid and efficient way in diagnosing CS 2 poisoning: (1) Screen workers with self-recording questionnaire of relevant symptoms/signs and MMPI followed by routine medical examination by family physicians and clinicopathologic tests, (2) Select the workers who have these relevant symptoms/signs and abnormal MMPI; abnormal clinicopathologic tests in serum phosphorus, serum calcium, liver function and urine protein; hypertension and abnormal audiogram, (3) NCV measurement on sensory and motor nerves and FAG, (4) brain MRI for only workers for whom CS 2 poisoning could not be diagnosed by step (3) work-ups.
Thus we concluded that the diagnosis of CS 2 poisoning could be made validly and inexpensively by choosing the diagnostic tests carefully step by step taking the validity and cost of test or combination of tests into consideration. 
